12 United States Patent
Park

US011010533B2

US 11,010,533 B2
*May 18, 2021

(10) Patent No.:
45) Date of Patent:

(54) METHOD FOR LAYOUT DESIGN AND
SEMICONDUCTOR DEVICE
MANUFACTURED BASED ON THE SAME

(71) Applicant: Samsung Electronics Co., Ltd.,
Suwon-s1 (KR)

(72) Inventor: Jinyoung Park, Gunpo-si (KR)

(73) Assignee: Samsung Electronics Co., Ltd.,
Gyeonggi-do (KR)

(*) Notice: Subject to any disclaimer, the term of this

patent 1s extended or adjusted under 35
U.S.C. 154(b) by O days.

This patent 1s subject to a terminal dis-
claimer.

(21) Appl. No.: 16/996,044

(22) Filed: Aug. 18, 2020

(65) Prior Publication Data
US 2020/0380197 Al Dec. 3, 2020

Related U.S. Application Data

(63) Continuation of application No. 16/108,260, filed on
Aug. 22, 2018, now Pat. No. 10,747,937.

(30) Foreign Application Priority Data
Jan. 31, 2018 (KR) .cooeeeiiiiiinnnn, 10-2018-0012101
(51) Imt. CL
GO6F 30/398 (2020.01)
GO6F 30/392 (2020.01)
GO6F 119/18 (2020.01)

(52) U.S. CL
CPC ... GO6F 30/398 (2020.01); GO6F 30/392
(2020.01); GOG6F 2119/18 (2020.01)

Flectrically active patiern
aesign

13t metfal T

(38) Field of Classification Search
CPC .. GO6F 30/398; GO6F 30/392; GO6F 2119/18;
GO6F 17/5081; GO6F 17/5072; YO2P
90/02
See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

11/2001 GQGabriel et al.
1/2004 Nohsoh et al.

(Continued)

0,323,113 Bl
0,680,539 B2

FOREIGN PATENT DOCUMENTS

JP 20090327762 A 2/2009
JP 4799858 B2  10/2011
(Continued)

OTHER PUBLICAITONS

Non-Final Office Action dated Oct. 16, 2019 mn U.S. Appl. No.
16/108,260.

(Continued)

Primary Examiner — Nha T Nguyen

(74) Attorney, Agent, or Firm — Harness, Dickey &
Pierce, P.L.C.

(57) ABSTRACT

Disclosed 1s a computer-readable medium 1ncluding a pro-
gram code. The program code, when executed by a proces-
sor, causes the processor to place an electrically active
pattern having a first width and a first least margin area, on
a layer, to place a first dummy pattern having a second width
wider than the first width and having a second least margin
area, on the layer, and to place a second dummy pattern
having a third width and a third least margin area, on the
layer, based on whether a ratio of an area of the layer to areas
of the electrically active pattern and the first dummy pattern
1s within a reference range.

20 Claims, 16 Drawing Sheets

~u i :
Soeciar Rute

~Violation area ? st

nd metal il




US 11,010,533 B2

Page 2
(56) References Cited 2009/0044164 Al 2/2009 Lee
2009/0089732 Al 4/2009 van Adrichem et al.
UUS. PATENT DOCUMENTS 2010/0041232 Al 2/2010 Summertfelt et al.
2011/0016443 Al 1/2011 Fu et al.

7,392,496 Bl  6/2008 Schultz et al. 2012/0047472 Al 2/2012 Fukuda

7,694,258 Bl 4/2010 Ylinen et al. 2012/0144361 Al 6/2012 Cheng et al.

7,725,859 Bl 5/2010 Lenahan et al. 2012/0306106 Al 12/2012 Takada

8,024,673 B2 9/2011 Nitta 2013/0183832 Al 7/2013 Landis

8,024,677 B2 9/2011 T.enahan et al. 2015/0140478 Al 5/2015 Chen et al.

8,397,196 B2 3/2013 Tetelbaum 2015/0294057 A1  10/2015 Lin et al.

8,647,893 Bl 2/2014 Agarwal et al. 2017/0132348 Al 5/2017 Somashekar et al.

8,713,507 Bl 4/2014 Noice 2017/0365675 Al 12/2017 Chang et al.

8,832,623 Bl 9/2014 Yuan et al.

9,436,787 B2 9/2016 Lin et al. FOREIGN PATENT DOCUMENTS

9,594,862 B2 3/2017 Lin et al.

10,170,276 B2 1/2019 Lin et al. TP 2014236041 A 12/2014
2002/0116686 Al 8/2002 Shin et al. JP 5737044 B2 6/2015
2004/0083438 Al 4/2004 Ohba et al.

2005/0064634 Al 3/2005 Schmudt et al.
2006/0223304 Al* 10/2006 SUga ..ocovvenen.... GOG6F 30/39 OTHER PUBLICATIONS
438/622
2007/0287200 Al 12/2007 Anderson et al. Final Oflice Action dated Feb. 4, 2020 1n U.S. Appl. No. 16/108,260.
2008/0120586 Al 5/2008 Hoerold Notice of Allowance dated Apr. 13, 2020 in U.S. Appl. No.
2008/0121939 Al 5/2008 Murray et al. 16/108,260.
2008/0203589 Al 8/2008 Bailey et al.
2009/0031267 Al 1/2009 Ueki * cited by examiner




U.S. Patent May 18, 2021 Sheet 1 of 16 US 11,010,533 B2

High level description

Laycut design

Generate mask

| Manufacture semiconductor device J~-—S150




U.S. Patent May 18, 2021 Sheet 2 of 16 US 11,010,533 B2

FlG. 2A

actrically
Active ?atiéfﬂ of
| |

r s
juiinglt
.-

'-'L

2nd Dummy Paltern 3

\ {
e e
Ly 3

r-.- Wl e, Al e g el L onnle gl Sy e

LA EL T T T YT T LY TR T Y Y T oy -rqlr:‘r

FlG. 2B

-r“'inl-

2N Dummyﬁ?&t‘erﬂ 43

e (30




U.S. Patent May 18, 2021 Sheet 3 of 16 US 11,010,533 B2

G, <

L

clectrically
ctive Pattern

st Dummy Patiern S 1 S
SL_
}

T e e R e

.}:.
/
i"u

{
{o
4
!
{
:

=l

[ 3 L % 3

rh_q- W e L T T I T TR T T T T Y T A Y T Y Y

\

)

- .f::.

. '

- 4SS SNy BE JEE FEY BE -EE SRS EE O -BE EBFES h-‘- i A e S

LW

- FE- e sEE .+ .T S FES4d B -5 FESEE O -FE PSS SRS -FE A BE - saEd e 5. eSS S 4SS

gl plgly wheh Seby’ Jhob, wigh byby' jghy ghol lgby! jAghy ghl. ibyl dghy ghol, inlbh tghy pheh, twbgl by phob, iglel boby' sl =whet

e | M2

dedp dmdpdu e mdpdpdna dpdudmdn e e cdmdmde g dedpdee pdmdpdes dpdmim s dedude e mdpdndea dudmdedy dmdedede e e dpdmie e e e --t-j

!:i wiy il Sgly Jlgly, "whel iy’ phely wigh bely! dghy pheh. lplgh dgly glgh bplyh gy plgl,
E S |

F1G. 4

Clacirically

WL Active Patiern
1st Lummy Pattern g

J

|
|
|
|
|
|
|
!
|
|
|
|
]

L)
N i pim dp . dmde mdnd dpde . dmde mp s dmde s dp e mdmdy dpde ] dmde cdpdy pdpa dpde sdpdy e e i i —a-z- dp i e i

u e, e, ol nk

Tl e TN WL wwm#wmmu‘ummﬁwmmw“mw“ﬂnw

"

e TN B, LR LT wm#wyﬁmwr#w“m

RIRT TR IR T RFFrg gl RPN PR TRl PR B PRI R FRFEINT N FPRFETN T ERETRT

e |2

U

L] 'H{

S



U.S. Patent May 18, 2021 Sheet 4 of 16 US 11,010,533 B2

FlG. O

clectrically
Active Fatiern

“y

st metal fill 5220

Timing check - 5240

veritication




US 11,010,533 B2

Sheet 5 of 16

May 18, 2021

U.S. Patent

U181184 8A110Y A{1BO1 1108

e i

SEF mEEE JEEEE EEEE NS EEE EEEE EEE e

CHN—

Ll * w
. %o e R R -.......- - o T R R d - R R - R Ed - R R Y R s R R - B e S R S R TR R R - e R e e e Y e - R e+ e - s ke s s eEd e s T R R hEd - S REd - S REd - B LR Ry S R R RS - S o Bl ol ﬁ

tttttt

L Ild



UiB1lip

US 11,010,533 B2

Sheet 6 of 16

May 18, 2021

U.S. Patent

A0y AL1BOLAID

Sl L G Bl s R A s G R R A el Rl R - R . G R e G B B - R B B - G B s G R i . A ] . R )

] L]
LA -] - . e

FEF TSRS CRARSLTRTR ATAT,

T

m

‘e wara e Cares wars e ar'ar war's el cara Tac's wa'a

e o win o e o o

rarf's swar's arar racs war'a arer Cars war's arer Caxr'a waxr'a e

4
L

tr‘ )

=41

B 4

'

't-'.-.".lf

r r E
o, e

o "Ta'da

o
-4

“EF mEpEm S EEr e R s “EpE mEpm mEms

-

e ghgh Fgiy prgfy §igt “giy ' et gty iy et gy gy yret ‘wial Faiy

e qtna--'*’li’-:i - ke
!
i
<
gm.m

! - *

' - + »

L L L R T i e Ve
-a'sas's "'sa'sa’- -2aE:" asas wawar -maE:’

. %o e R R i o - hEd - R R Y e e R e RS R e o S R e o SRR R T EE R B R d - R R s e hEd e e Rt e o kT e s EEd el oS T R =4 - s REd - R REd - R bR R s B e e S e s ol ﬁ

.‘.‘N

.

= -
‘= Fer's . W s et T e et e s e e Cwres e e s e e fer's Pee e s e e Cw's e et e e e e At e e fes e s “wam e A ' e
v mh.,.,

kol ol

.1 2iA

Il



US 11,010,533 B2

Sheet 7 of 16

May 18, 2021

U.S. Patent

U1811R4 BALIOY ALBDI 1108

181184 ARG 181

LY A % % L

s adeds mded e s mdad el s mdamds edasr dleedle o sdaeds adlasr el adladls adls’ Adadls sdadls o sdasd dedla ededs sdlasd el sdedls mdmd dadla adls omdasd bedlas sdedis mdlsds badls el meladls el dedls mdaedls bedlasr Aasdlas melamdia

affer s Wb Yol

*

Lo el
L e -.l.-
.-._-.-..-__-.-_.-__-.-_

- -

.__.__.__.__...1._1l

r "
T
"1

2T

“m

[ T =
T N

B Rty Tate i

3

plff—— G
.c. "

w
i w
w
]

E_—_ﬁ
s ofn e sfe ofn o o

e i el TR e e sl e e sk e e s ey e sl

e e e e e e e

" -l.
. .
e ey e Cers e " e ey vy e Cwwsr e e e ey e s Cads e wess s ey s e ey e S e v e o ewsr s Y s et e ey e e sedla st e e st e Sees e e Swer e e Ses s e e s e e ey e el e Cyrge -y et weae s e s wgey pres e e ey e e ey e e
.Hr.._. L |

2 _ .

Tl Sy g Wil Mg, G Bt Wiy gy Rt Wiy U Tyt Fgyr oy Gyt Sy T gl Syiyr gy i Sgigr Mgy g Syt Sy iy Tyl Mgy T Ryt gy T Tyt gy g iyt gy

i

--.--,-..-.--.-..-.-.--..-.--.--.-.-. w ..-.----..-.--.-..-.--_-..-.----.-.--.--.-..-.--.-..-,--,-..-.--,-..-.----..-.--.-..-.--.--.-.--.--.-..- --.-..-.--¢-..-..x?-..-.--*-..-.--*-. W‘.M,

s

4 25
L LA

6 JId



US 11,010,533 B2

Sheet 8 of 16

May 18, 2021

U.S. Patent

19

-\.q'l\.'l.d

L i81ied ARING pug
91184 AlENG 181
Bd BA110Y A}IBDI 110013 “

L R ¥ S E T By F TRy T Wt T By F T N ¥ S ¥ S T I § T Tt T I ¥ S g T & T h = E g § It T oy T T v T Wy F I 5 F o T St F B 5 T oy = St T I F T T Tt T I F T g F Tt T B F T i F T ¥ g F T oy F S = 2

%

WE EpEE EmEay EEEE SR CEEE EEEE e T EEL EEEE TEESr SN SEEE SSRGS ISR N EEEE TEE S SR N EEEE TEE S G EE N EBEEE (EE SR EEE S RSN (EE Sy NSNS SEEE  SE Ay NS SR SE S EmEE S EEE s S e mep ey e S EE S S A AR E SRS ISR S AR S EEEE EEE Sy EEES EEEE CEE S EEEE EE SR CEE S EEE W EEEE. SRS EEEE

‘. 'wiyl! Foly sFef. el

Y R, R Y B IR X Y T R AEE T Y LA Y AT T Y TR Y AT T Y TR T BN F Y EN T R T EEY TR T TR Y Y TN PR T TR TR Y TAY TN A TN TR A Y Y T T AT T NY TR T N T NN XN

Ls

a8

Fa s et wta weta

A |

-

v
T
L]

r e

_—
(Y

01 DId



)

1911
UIB11EBA4 AUUNG DUT
B 1S
JIB11B4 BA1I0Y AIBOI110813

BSH DPBPLS1XT

L e e b

L]

L |

ol
5

>

81184 A

!

US 11,010,533 B2

wllk e dicd e e - Bk Bl d el e b e el - e R B B oir e Jr i Broirv el ol e e e e ek B e e e -k e el e e - e B el el - e e B e e e -l e B e A e e e e ok B e e e e e e e

Brdir d - dir- ol bFolirdk Brdirc i bl Bl el el Brolies el vl rdirw el el el d el - Bl e e -l e e e o e - e B e B e e el e e - e e el i e e B dlirs e e e B Erw m m

Moy G R Tyly gl WGR Tyly SRy R Pyl gy gy Py G Py gty R TR Syy gL TGE Ryl Ry, te

WL G RGN Y. W AW TS A S W WWY WA AW ST W -TW AW WA - rwrs we wle Ty EW- T W - WY TN FW W NG WA A W WS R I ey W

Wy G ob

Wy R T Sy

L - - - LI T
.

N A

4

3 W. __...

e adlemdis st Aeds sfmds mdmd Al mlamds

Sheet 9 of 16

iy S il P S .

S S - |

gl Egiiy" g, plgl Sl L o e

PR A R
]
¥

May 18, 2021

ot
ol

=g S T FEaF - R - g .

Vy

LON |

]
L T T 1)
Tv"r.v. [ -

U.S. Patent
—
—
&
P
m



US 11,010,533 B2

Sheet 10 of 16

May 18, 2021

U.S. Patent

L9l 1ed

-

31Ny 1810

|

m

|

m

|

=TT, pO1ISIiEs A)isusg ity
“ _

|

m

m

BALI0E ALIRGTI 1093

1) jelan pug

508

JOTIRO ] 1 J8A

L RIBE 1S

U 1 S8p
Jiaiied aatlde ALiedti1081d




US 11,010,533 B2

Sheet 11 of 16

May 18, 2021

U.S. Patent

1181184 AWLMNG PBLUSIXT

1184 9A

Ulo

}

w

24 ALUNG PUF
Hi911ed Adung 18t
AVIBO1 410813 -

Y

£ :
& g m.
w ;
i !

LI X [ l'.f'l i rolicrdF B dirwm e e roliedh Brlirw e - Sr el e e e B el B e e e e e B e e e e ik Bl el o el e ey el ow e - e lirw el e el el - e e ek e e - Belied e - e R B e -

L Y B ] v i o i el

=or drofirdk Brdir- el bl Bl e e el B el e el el el e e e e - e e e d e e e e Bl A e e e Broir o e - - e i e e A Bl

L

- -..-.+‘-. | ]
- d
-11-..7...-..-.-

Y g g WY WY "W Ty W -WTW WY W YW W W fUTE FW- T " - EgEE TR SR R WY W "W WY R W YWY W W TRy - W WY W W

B ol - o o - B e ok

Eataieats SR ” -~ 01

-4 B8 S+, FFF S EFF -

- - rEF SE FF FE4Ad T

A e
sin uje e -



US 11,010,533 B2

Sheet 12 of 16

May 18, 2021

U.S. Patent

11i9)1ed AWmND DUBIXI M w O EIRCEH] IO

|

m

|

m

|

=TT, pO1ISIiEs A)isusg ity
“ _

|

m

m

-

| m 1) jeleu pug ({1} jelsu 1S

- ...“........... oy L] “. vy ............. .....

U 1 S8p
Jiaiied aatlde ALiedti1081d

3iNY 110808




Uiglled Alng

&
—

UiB11Bd BALIOY ALIBDI J]10¢

US 11,010,533 B2

\
|

-- L1

iEE:E;;E;;E‘E‘rﬂ:EE;EE:EFE;I:E;EE;EEEEEE:EE=EE

2%

W T Fed T W e wET S TR T W e T OSEW e T W P T T T e P e

g ragiy et Tagigrl rgrty gt et gy gt Tagrigrt Migriy et cingriingt g gt ngringet

Sheet 13 of 16

Ll Ll
o
L]
=oirm oirshr robro droirs olirse -ee L] mir wairok drobrs shror roirol drobcres sbrair rairels drobcrs shralr -airsls Brobral shralr cairsls oo s ob sbr sbr mir g sroobroh shroir: sirsh srorsh drars sirshr robrsh drairs sirshr robrol drairs sfrsr robrek droirs sirshr robrolh brairsl sirslr robrah brairsd sirslr -sbralir sralirod airalr cosheoalir oo alir ob ol sbr mhr ol srofirsh drohrs shrolr srofirsh drobre shrolr rairolk drobcres ol roirels drobcrs el rairels drobrs shralr -airsls Brosbrof sbralir el sls Brosbr o sbr ol mirmhr srobroh shroirs sirslr rorsh drairr sirsr robrsl draics -

G

- -
=

-E TSy S-S 5SS ¥ES4A RS- 858 FEA BFE- BE OYESESEBEEIOEBE O ~

-
-- . TvssyFES- 5 FE4EA PSR- B A BEE- B +EFSESSY BSOS RS RS O -EBF ESEESESSES O-EE YESCESSES O-cBE TR RS - vEda s 5. yYSda FES- 58 YESES PS4 OB CFE TS EES OCEFSSESSY RSSO SRS BESTYT EE O-EE .....\-..\...‘ = vE4a s &S FEAES. m M

m__.
2 A

L X R K

May 18, 2021

-

61 Dld

U.S. Patent



U.S. Patent May 18, 2021 Sheet 14 of 16 US 11,010,533 B2

FlG. 16

clactrical iy active pattern
des i on

Metal T

aatiern




AEE Rt Bl gl Gl Bl pal kgl Bolp pel bapll Bply plal Al gy skl gl Rl

US 11,010,533 B2

«d
e

=
:
¥
:
:
i
m
:
!
m
:
;
- i
e “
S !
o m
o 4 W
S ! .
= w R}
v w w
o : :
- W w
& : :
T et e o raes cene caens e aeae I :
- M : L
M IN0AET m T
ﬁﬁi e e, et m?
w m“_m mﬂ B Al 1dr n{ |
....................................................... ;
Yo
-
=
e
=) P
o !
W Ot

U.S. Patent




US 11,010,533 B2

Sheet 16 of 16

May 18, 2021

U.S. Patent

A JOWBH BUISIOM fe

0001

10S8830id
UL EN

1088800 i

UG m@mg_w: mhcmcwm of

el | |

- L o o gl



US 11,010,533 B2

1

METHOD FOR LAYOUT DESIGN AND
SEMICONDUCTOR DEVICE
MANUFACTURED BASED ON THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a Continuation of U.S. application Ser.
No. 16/108,260, filed on Aug. 22, 2018, which claims
priority under 35 U.S.C. § 119 to Korean Patent Application
No. 10-2018-0012101 filed on Jan. 31, 2018, in the Korean
Intellectual Property Ofhice, the disclosure of which 1is
incorporated by reference herein 1n their entireties.

BACKGROUND

Embodiments of inventive concepts relate to a semicon-
ductor device, and more particularly, relate to a method of
designing a layout of a semiconductor device by using an
adaptive metal fill.

In addition, the embodiments of inventive concepts relate
to a computer program performing an adaptive metal fill and
a semiconductor device manufactured by the computer
program.

In general, a semiconductor chip may include cells (e.g.,
transistors) and may include interconnections electrically
connecting the cells for the purpose of implementing logic
that performs a specific function. The 1nterconnections may
be placed over a plurality of layers. In particular, since high
integration of a semiconductor chip make manually placing
cells and interconnections diflicult or impossible, a layout
design tool 1s widely used.

A metal density of interconnections 1s very important
upon placing interconnections 1n the plurality of layers. For
example, 11 the metal density 1s not uniform over layers
and/or the metal density 1s out of a range intended by a
semiconductor manufacturer, distortion may occur in the
process ol stacking layers, thereby causing a change in
timing of a signal or the like and/or having an influence on
semiconductor manufacturing yield. Therefore, a method of
inserting a dummy metal 1s mainly used to make the metal
density uniform over layers.

However, as microfabrication technologies develop, even
though a metal fill 1s performed by using a dummy pattern
forming rule stored 1n an existing library, implementing the
desired metal density 1s diflicult or impossible. If the desired
metal density 1s not implemented, 1n the worst case, there
may be a requirement to again design a layout, thereby
causing an increase in costs and time for development.
Therefore, there 1s a desire for a method of implementing an
cllective metal fill by using the layout design tool.

SUMMARY

Embodiments of inventive concepts provide a method of
preventing, or reducing the likelihood of, a layout from
being again designed unnecessarily as the event that a metal
density condition 1s not satisfied frequently occurs as micro-
fabrication technologies develop.

In addition, the embodiments of inventive concepts pro-
vide a computer program performing an adaptive metal il
and a semiconductor device manufactured by the computer
program.

According to some example embodiments, a computer-
readable medium includes a program code that, when
executed by a processor, causes the processor to: place, on
a layer, an electrically active pattern having a first width and
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a first least margin area, place, on the layer, a first dummy
pattern having a second width wider than the first width and
having a second least margin area, and in response to a first
ratio of an area of the layer to a sum of areas of the
clectrically active pattern and the first dummy pattern being
outside of a reference range, place, on the layer, a second
dummy pattern having a third width and a third least margin
area, wherein the third width 1s the same as or wider than the
first width and 1s narrower than the second width.
According to some example embodiments, a method
includes placing, on a layer, an electrically active pattern
having a first width and a first least margin area, by using a
layout design tool, placing, on the layer, a first dummy
pattern having a second width wider than the first width and
having a second least margin area, by using the layout design
tool, placing, on the layer, a second dummy pattern having
a third width and a third least margin area, 1n response to a
first ratio of an area of the layer to a sum of areas of the
clectrically active pattern and the first dummy pattern being
outside a reference range, by using the layout design tool,
generating a mask based on a layout including the electr-
cally active pattern, the first dummy pattern, and the second
dummy pattern, and manufacturing a semiconductor device

by using the mask. The third width 1s the same as or wider
than the first width and 1s narrower than the second width.

According to some example embodiments, a computer-
readable medium includes a program code that, when
executed by a processor, causes the processor to place, on a
layer, an electrically active pattern having a first width,
place, on the layer, a first dummy pattern having a second
width wider than the first width, determine whether a ratio
of an area of the layer to a sum of areas of the electrically
active pattern and the first dummy pattern 1s within a
reference range, and place, on the layer, a second dummy
pattern having a third width, which 1s the same as or wider
than the first width and 1s narrower than the second width,
in response to the determining.

BRIEF DESCRIPTION OF THE FIGURES

The above and other objects and features ol inventive
concepts will become apparent by describing in detail
example embodiments thereof with reference to the accom-
panying drawings.

FIG. 1 1s a flowchart illustrating a method of designing
and manufacturing a semiconductor device according to an
example embodiment of 1nventive concepts.

FIGS. 2A and 2B are conceptual diagrams illustrating
various kinds of patterns that are used 1n a layout design
process of FIG. 1.

FIGS. 3 to 5 are views conceptually 1llustrating a least
margin condition to be applied upon designing a layout of a
semiconductor device.

FIG. 6 1s a flowchart 1llustrating a method of designing a
layout, according to an example embodiment of mnventive
concepts.

FIGS. 7 to 11 are views 1illustrating the process of design-
ing a layout of a semiconductor device by using a layout
design tool according to an example embodiment of 1nven-
tive concepts.

FIG. 12 1s a flowchart illustrating a method of designing
a layout, according to an example embodiment of inventive
concepts.

FIG. 13 1s a view 1llustrating a layout design additionally
executed after a second metal fill, to satisty a metal density
condition.
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FIG. 14 1s a flowchart illustrating a method of designing,
a layout, according to an example embodiment of inventive

concepts.

FIG. 15 1s a view 1llustrating how a layout of a semicon-
ductor device 1s designed by using a layout design tool
according to an example embodiment of inventive concepts.

FIG. 16 1s a tlowchart illustrating a method of designing,
a layout, according to an example embodiment of inventive
concepts.

FIG. 17 1s a block diagram illustrating a layout design
system for designing a semiconductor device, according to
an example embodiment of 1nventive concepts.

FIG. 18 1s a block diagram illustrating an electronic
device manufactured by a layout formed according to an
example embodiment of 1nventive concepts.

DETAILED DESCRIPTION OF
EMBODIMENTS

EXAMPL.

L1

Below, embodiments of inventive concepts may be
described 1n detail and clearly to such an extent that one of
ordinary skill in the art may implement inventive concepts.

Components described in the detailed description with
reference to terms “part”, “unit”, “module”, etc. and func-
tion blocks 1llustrated 1n drawmgs may be implemented with
soltware, hardware, or a combination thereof. In an example
embodiment, the software may be a machine code, firm-
ware, an embedded code, and application soiftware. For
example, the hardware may include an electrical circuit, an
clectronic circuit, a processor, a computer, an integrated
circuit, integrated circuit cores, a pressure sensor, an inertial
sensor, a microelectromechanical system (MEMS), a pas-
sive element, or a combination thereof.

FIG. 1 1s a flowchart 1llustrating a method of designing
and manufacturing a semiconductor device according to an
example embodiment of 1nventive concepts.

In operation S110, a high-level design of a semiconductor
integrated circuit may be performed. The high-level design
may include designing an integrated circuit corresponding to
a design target described with a high-level language of a
hardware description language (HDL). For example, the
high-level language such as C language may be used in the
high-level design process. Circuits designed by the high-
level design may be specifically expressed using register
transfer level (RTL) coding and/or simulation.

In addition, a code generated by the RTL coding may be
converted mto a netlist, and the netlist may be synthesized
to an entire semiconductor device. The synthesized sche-
matic circuit may be verified by a simulation tool, and an
adjustment process may be performed based on a result of
the venfication.

In operation S120, a layout design process may be per-
formed to implement a logic semiconductor mtegrated cir-
cuit on a substrate, such as a silicon substrate. For example,
the layout design may be performed based on the schematic
circuit synthesized in the high-level design process and/or
the netlist corresponding to the schematic circuit. The layout
design process may include a routing process of placing and
connecting various standard cells provided from a cell
library, based on a prescribed design rule.

A cell library for expressing a circuit of a specific gate-
level as a layout may be defined 1n a layout design tool. The
layout process may include the procedure of defining or
describing the sizes or shapes of patterns constituting tran-

- B Y 4

sistors and conductive lines to be formed on a silicon
substrate. For example, to form an mnverter circuit on the
substrate, layout patterns such as a PMOS transistor, an
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NMOS transistor, an N-well, a gate electrode, and conduc-
tive lines to be placed thereon may be appropriately placed.
To this end, layout design may include searching and
selecting an appropriate one(s) ol inverters previously
defined 1n a cell library may be searched and selected.

Afterwards, the routing process may be performed on the
selected and placed standard cells. Most of a series of
processes described above may be automatically performed
by the layout design tool or may be manually performed. For
example, the routing may include placing real patterns, or
clectrically significant or electrically active patterns, 1n a
plurality of layers to be formed on standard cells. In addi-
tion, the routing may include placing a dummy pattern, e.g.
a pattern that 1s not intended to be electrically active or
significant during operation of the semiconductor device. A
dummy pattern may help to improve planarization unifor-
mity during a polishing process used 1n the manufacture of
the semiconductor device; for example, a dummy pattern
may help to improve uniformity during a Chemical
Mechanical Planarization (CMP) process.

Placing a dummy pattern 1n a layer may be associated
with a ratio (hereinaiter referred to as a “metal density™) of
the area of an electrically active pattern to the layer area. If
metal densities are irregular over layers and/or a metal
density of a specific layer i1s less than or greater than a
reference, a sharp change in metal densities of layers may
cause various 1ssues. Therefore, there 1s a desire or need to
distribute metal densities of layers within a given range, e.g.
a range defined by a semiconductor manufacturer.

However, mimaturization of semiconductor devices may
make inserting dummy patterns mnto an empty space of a
layer may be diflicult or challenging. According to inventive
concepts, a metal density condition may be satisfied by
performing the routing using dummy patterns of various
sizes. For example, as a first metal fill, dummy patterns
having a wide width may be placed 1n a layer in compliance
with a dummy pattern forming rule. If the metal density
condition 1s not satisfied even though the dummy patterns
are placed as the first metal fill, dummy patterns having a
narrow width may additionally be placed 1n a layer.

After the routing process, verification may be performed
on the layout to verily whether the design includes a portion
violating 1n a design rule. For example, the verification
process includes design rule check (DRC) for verifying
whether a layout meets the design rule, electrical rule check
(ERC) for veniiying whether a layout 1s properly connected
to each other without electrical disconnection, and layout vs.
schematic (LVS) for determining whether the layout 1s
matched with a gate-level netlist, etc.

In operation S130, optical proximity correction (OPC)
process may be performed. Layout patterns obtained
through the layout design may be implemented on a silicon
substrate by a photolithography process. Here, the OPC
process may refer to a technique for correcting the distortion
occurring in the photolithography process. For example, the
distortion such as refraction due to a characteristic of light
In an exposure process using the designed layout pattern, or
the process eflects may be corrected or reduced 1n impact
through the OPC. Shapes and positions of the designed
layout patterns may be finely changed while performing the
OPC.

In operation S140, photomasks may be manufactured
based on the layout changed by the OPC process. For
example, the photomasks may be manufactured by pattern-
ing a chromium layer provided on a glass substrate on the
basis of the data of the layout patterns. For example, one or
more masks may be used for each layer.
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In operation S150, a semiconductor device may be manu-
tactured using the manufactured photomasks. In the process
of manufacturing the semiconductor device by using the
photomasks, various exposure processes and etching pro-
cesses may be repeatedly performed. Through such pro-
cesses, patterns defined by the layout design may be sequen-
tially formed on the silicon substrate.

FIGS. 2A and 2B are conceptual diagrams illustrating
various kinds of patterns that are used 1 a layout design
process of FIG. 1. Patterns that are used in the layout design
process of inventive concepts include an electrically active
pattern, a first dummy pattern, and a second dummy pattern.

First, referring to FIG. 2A, the electrically active pattern,
the first dummy pattern, and the second dummy pattern may
be virtual patterns that are used 1n the layout design tool. As
described above, the electrically active pattern may corre-
spond to a metal interconnection through which an electrical
signal 1s to be transmitted, and the first dummy pattern and
the second dummy pattern may correspond to a metal
interconnection for satisiying a metal density.

The electrically active pattern may have a width wl 1n a
direction that i1s perpendicular to a direction in which the
clectrically active pattern extends. For example, the width
w1l of the electrically active pattern may be determined in
consideration of the resolution of the process of manufac-
turing a semiconductor device. For example, the resolution
of the semiconductor device may be associated with an
etching process using a photoresist.

Meanwhile, the electrically active pattern may have a
least margin area illustrated as being surrounded by a dotted
line. The least margin area indicates a least area that has no
influence on adjacent interconnections upon forming, on a
substrate, a metal imnterconnection corresponding to the elec-
trically active pattern on a watfer. That 1s, another metal
interconnection 1s not or does not have to be placed within
the least margin area. In the case where another metal
interconnection 1s placed within the least margin area in the
semiconductor manufacturing process, a metal interconnec-
tion corresponding to the electrically active pattern and
another metal interconnection adjacent to the metal inter-
connection may influence each other. For example, such
mutual influence may cause a change 1n a parasitic capaci-
tance, a change 1n timing of a signal, a distortion of a signal,
etc.

For example, the least margin area of the electrically
active pattern may correspond to an area that 1s defined by
moving four sides of the electrically active pattern 1n left,
right, up, and down directions by “d1” (or may correspond
to an area within “d1” from an outline of the electrically
active pattern). For example, a length/width d1 from the
outline (or each side) of the electrically active pattern may
be the same as or different from the width w1l of the
clectrically active pattern. For example, a width of the least
margin area of the electrically active pattern may correspond
to a sum of the width w1 of the electrically active pattern and
“2xd1”, 1.e. twice the extension length “d1”.

The first dummy pattern may have a width w2 1 a
direction that 1s perpendicular to a direction 1n which the first
dummy pattern extends. For example, a width w2 of the first
dummy pattern may be larger than the width w1l of the
clectrically active pattern. Likewise, the first dummy pattern
may have a least margin area illustrated as being surrounded
by a dotted line. The least margin area of the first dummy
pattern may correspond to an area that 1s defined by moving,
tour sides of the first dummy pattern in left, right, up, and
down directions by “d2”. For example, “d2” may be greater
than “d1”. For example, a width of the least margin area of
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the first dummy pattern may correspond to a sum of the
width w2 of the first dummy pattern and “2xd2”.

The second dummy pattern may have a width w3 1n a
direction that 1s perpendicular to a direction 1n which the
second dummy pattern extends. For example, the width w3
of the second dummy pattern may be smaller than the width
w2 of the first dummy pattern and may be the same as or
larger than the width w1l of the electrically active pattern.
Likewise, the second dummy pattern may have a least
margin area 1llustrated as being surrounded by a dotted line.
The least margin area of the second dummy pattern may
correspond to an area that 1s defined by moving four sides of
the second dummy pattern in left, right, up, and down
directions by “d3”. For example, “d3” may be smaller than
“d2” and may be the same as or greater than “d1”. For
example, a width of the least margin area of the second
dummy pattern may correspond to a sum of the width w3 of
the second dummy pattern and “2xd3”.

However, distances from four sides (or outline) of the
second dummy pattern to the least margin area of the second
dummy pattern may be diflerent from each other. Such an
example embodiment is 1llustrated 1n FIG. 2B.

Referring to FIG. 2B, a distance 1n an up direction from
an outline of the second dummy pattern to the least margin
area of the second dummy pattern 1s “d3”. A distance 1n a left
direction from the outline of the second dummy pattern to
the least margin area of the second dummy pattern 1s “d4”.
A distance 1n a right direction from the outline of the second
dummy pattern to the least margin area of the second
dummy pattern 1s “dS”. A distance 1n a down direction from
the outline of the second dummy pattern to the least margin
area of the second dummy pattern 1s “d6”.

In this case, “d3”, “d4”, “d5”, and “d6” may be greater or
less than “d1” of FIG. 2A. Also, some of “d3”, “d4™, “d5”,
and “d6” may have the same value or may have different
values.

Electrically active patterns corresponding to metal inter-
connections of layers are first placed 1n a normal design
phase using the layout design tool. Afterwards, the first
dummy patterns are placed in spaces between the electri-
cally active patterns for the purpose of satisfying a metal
density of a desired range. That 1s, the first metal fill 1s
performed. However, even though the first metal fill 1s
performed, satisfving the metal density 1n the desired range
due to mimaturization ol semiconductor devices may be
very diflicult. In this case, according to iventive concepts,
the second dummy patterns described above may be placed
between the electrically active patterns, between the first
dummy patterns, and/or between the electrically active pat-
tern and the first dummy pattern. For example, a second
metal fill 1s performed.

Meanwhile, dummy patterns are illustrated 1n FIGS. 2A
and 2B 1n the form of a stripe having a given width w2 or
w3. For example, the first dummy pattern and/or the second
dummy pattern may be formed to have various shapes of
polygons.

FIGS. 3 to 3 are views conceptually illustrating a least
margin condition to be applied upon designing a layout of a
semiconductor device. T1 to T4 illustrated in FIGS. 3 to 5
indicate virtual routing tracks. An electrically active pattern
and a dummy pattern may be placed along a routing track.
However, mventive concepts are not limited thereto. For
example, an electrically active pattern may be placed 1n a
direction that 1s perpendicular to the routing tracks 11 to 'T4.
In addition, dummy patterns may be placed over one or more
routing tracks depending on the size of each of the dummy
patterns.
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Referring to FIG. 3, an electrically active pattern 1s placed
on the first routing track 11, and a first dummy pattern is
placed over the third routing track T3 and the fourth routing,
track T4. In detail, the first dummy pattern 1s 1n contact with,
or abuts, the fourth routing track T4. As described with
reference to FIGS. 2A and 2B, a least margin area LM1 of
the electrically active pattern indicates an area that 1s defined
by moving four sides of the electrically active pattern 1n left,
right, up, and down directions by “d1”, and a least margin
arca LM2 of the first dummy pattern 1indicates an area that
1s defined by moving four sides of the first dummy pattern
in left, right, up, and down directions by “d2”.

Since the least margin area LM2 of the dummy pattern
does not violate, or intersect, the electrically active pattern,
the placement of the first dummy pattern 1s allowed. In this
case, even though the first dummy pattern moves from side
to side along the third routing track T3 and the fourth routing,
track T4, the least margin area LM2 does not intersect the
clectrically active pattern.

The first dummy pattern 1s assumed to be placed over the
second routing track T2 and the third routing track T3 due
to other surrounding patterns. An 1ssue occurring under the
above assumption 1s illustrated in FIG. 4. Referring to FIG.
4, the electrically active pattern 1s placed on the first routing
track T1, and the first dummy pattern 1s placed over the
second routing track T2 and the third routing track T3.

In this case, the least margin area LM2 of the first dummy
pattern intersects the electrically active pattern. The least
margin area LM1 of the electrically active pattern intersects
the first dummy pattern. Actually, even though the electri-
cally active pattern and the first dummy pattern are not 1n
contact with each other, an electrical signal transferred
through the electrically active pattern may be aflected due to
various causes such as a resolution of manufacturing process
and a change of a parasitic capacitance. A first metal fill 1n
which the first dummy pattern 1s placed over the second
routing track T2 and the third routing track T3 1s not
allowed.

Referring to FIG. 35, the electrically active pattern 1s
placed on the first routing track T1, and a second dummy
pattern 1s placed over the second routing track T2. As
described with reference to FIGS. 2A and 2B, a least margin
arca LM3 of the second dummy pattern indicates an area that
1s defined by moving four sides of the second dummy pattern
in left, right, up, and down directions by “d3”.

In this case, the least margin area LM3 of the second
dummy pattern does not intersect the electrically active
pattern, and the least margin area LM1 of the electrically
active pattern does not intersect the second dummy pattern.
A second metal fill 1n which the second dummy pattern 1s
placed over the second routing track T2 1s allowed.

FIG. 6 1s a flowchart 1llustrating a method of designing a
layout, according to an example embodiment of mventive
concepts. In an embodiment, the embodiment of FIG. 6
shows operation S120 of FIG. 1 1n detail. For better under-
standing, a description will be given with reference to FIGS.
2A to 5 together.

In operation S210, an electrically active pattern may be
designed. The electrically active pattern may be automati-
cally designed by the layout design tool.

In operation 5220, a first metal fill may be performed.
Likewise, the first metal {ill may be automatically performed
by the layout design tool. The first metal fill may be executed
when a metal density of a specific layer 1s not within a
desired range, for example, when the metal density is
smaller than a reference value. For example, the first metal
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fill may be performed by using a first dummy pattern, the
width of which 1s greater than a width of the electrically
active pattern.

In operation S230, a second metal fill may be performed.
As 1n the above description, the second metal fill may be
automatically performed by the layout design tool or may be
manually performed. The second metal fill may be addition-
ally executed when a metal density of a specific layer 1s not
within a desired range even though the first metal fill 1s
performed. For example, the second metal fill may be
performed by using a second dummy pattern, the width of
which 1s smaller than the width of the first dummy pattern
and 1s the same as or larger than the width of the electrically
active pattern.

In operation S240, a timing of an electrical signal passing,
through the electrically active pattern may be checked. For
example, in the case where a metal density of a layer
changes due to the first metal density, the timing of the
clectrical signal flowing through the electrically active pat-
tern may be affected. Whether an electrical signal having an
undesirable timing 1s detected may be checked 1n operation
S5240; 11 desired (or necessary), the electrically active pattern
may be again designed 1n operation S210.

The designed layout may be verified 1n operation S2350.
As described with reference to FIG. 1, the verification
operation may include the DRC for verifying whether a
layout 1s properly set to correspond to a design rule, the ERC
for verifying whether a layout 1s properly connected to each
other without electrical disconnection, the LVS for deter-
mining a layout 1s matched with a gate-level netlist, etc.

FIGS. 7 to 11 are views 1illustrating the process of design-
ing a layout of a semiconductor device by using a layout
design tool according to an example embodiment of 1nven-
tive concepts.

In FIG. 2, a least margin area of the electrically active
pattern 1s described as an area that 1s defined by moving four
sides of an electrically active pattern 1n left, right, up, and
down directions by “d1”, and a least margin area of a second
dummy pattern 1s described as an area that 1s defined by
moving four sides of the second dummy pattern 1n left, right,
up, and down directions by “d3”. However, 1in the embodi-
ment of FIGS. 7 to 11, each of least margin areas of second
dummy patterns M31, M32, M34, and M35 are assumed to
be 1n an area that 1s defined by moving four sides of the
corresponding dummy pattern 1n left, right, up, and down
directions by “d1”, and a least margin area of a second
dummy pattern M33 1s an area that 1s defined by moving
four sides of the second dummy pattern 1n lett, right, up, and
down directions by “d3”. However, a width of each of the
second dummy patterns M31, M32, M34, and M35 1s
assumed to be the same as the width w1 of the electrically
active pattern, and a width of the second dummy pattern
M33 1s the same as or larger than the width w1l of the
clectrically active pattern and 1s smaller than the width of
cach of first dummy patterns M21 to M24.

Retferring to FIG. 7, electrically active patterns M11 to
M13 are placed along routing tracks T1 to T7 by using the
layout design tool. The electrically active patterns M11 to
M15 may be placed to maintain a distance of at least “d1”
or greater, depending on a least margin condition. In addi-
tion, one or more vias, through which an electrical signal 1s
input and output, may be formed 1n each electrically active
pattern. The vias may be used to electrically connect the
clectrically active patterns M11 to M15 with electrically
active patterns of an upper or lower layout.

Afterwards, a search operation may be performed to find
a portion where a metal density of a desired range 1s not
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satisfied. For example, the layout design tool may divide a
specific layer of a semiconductor device into a plurality of
areas and may determine whether each area satisfies a metal
density of a desired range. In an example embodiment, the
layout 1llustrated 1n FIG. 7 1s assumed to not satisfy a metal
density of a desired range.

Referring to FIG. 8, a first metal fill area that 1s available
may be calculated. In consideration of a least margin con-
dition of a first dummy pattern (refer to FIGS. 2A and 2B)
used 1n the first metal fill, as i1llustrated in FIG. 8, the first
metal {ill area that 1s available may be spaced apart from
surrounding electrically active patterns (e.g., M11, M13,
M14, and M15) by “d2”.

Referring to FIG. 9, as the first metal fill 1s executed, the
first dummy patterns M21 to M24 may be appropriately
placed within the first metal fill area that 1s available. For
example, a plurality of first dummy patterns may be placed
within the first metal fill area, and dummy patterns that are
adjacent to each other may be spaced apart from each other
by “d2” to satisiy the least margin condition. As described
with reference to FIGS. 2A and 2B, each of the first dummy
patterns M21 to M24 may have the width “w2” larger than
the electrically active pattern and may be placed over at least
one track or two or more tracks.

However, since an area where a first dummy pattern 1s
placed 1s limited due to the wide width “w2” of the first
dummy pattern, a metal fill condition may not be satisfied
even after the first metal fill. In this case, the second metal
fill according to inventive concepts may be additionally
performed.

Referring to FIG. 10, as the second metal fill 1s executed,
the second dummy patterns M31 to M35 may be appropri-
ately placed. For example, the second dummy patterns M31
to M35 may be appropriately placed between an electrically
active pattern and an electrically active pattern, and/or
between an electrically active pattern and a first dummy
pattern. Each of the second dummy patterns M31 to M35
may be placed to satisly a least margin condition with an
clectrically active pattern or first dummy pattern, which 1s
adjacent thereto.

Meanwhile, even though the second metal fill 1s addition-
ally executed, a specific area (e.g., an area including the
layout 1llustrated in FIG. 10) of the plurality of areas of the
layer thus divided may not still satisfy the metal density
condition. In this case, addition placement may be per-
formed as illustrated 1n FIG. 11.

Referring to FIG. 11, one end of the electrically active
pattern M11 may be extended. The extended electrically
active pattern 1s marked by “M16”. The extended electri-
cally active pattern M16 may be placed only when the least
margin condition 1s satisfied with regard to surrounding
patterns.

According to the layout design method described with
reference to FIGS. 7 to 11, the second dummy patterns, each
of which has a smaller width than the first dummy pattern
used 1n general, are selectively used. Therefore, as semicon-
ductor devices are miniaturized, more adaptively coping
with the case where the metal density condition 1s not
satisfied may be possible, even though the first metal fill 1s
executed.

In particular, like an existing method, in the case where
the metal density condition 1s not satisfied even though a
metal fill 1s performed, 1n the worst case, an electrically
active pattern should be re-designed. In this case, since
design steps and verification steps are accompanied, a time
taken to design a layout unnecessarily increases. However,
according to mventive concepts, avoiding additional design
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and verification steps may be possible by performing the
second metal fill additionally. That 1s, the layout design
method of inventive concepts may improve the perfor-
mance/function of the layout design tool itself.

FIG. 12 1s a flowchart 1llustrating a method of designing,
a layout, according to an example embodiment of inventive
concepts. For better understanding, a description will be
grven with reference to FIGS. 7 to 11 together.

In operation S310, the electrically active patterns M11 to
M13 may be appropriately placed along routing tracks. Two
adjacent electrically active patterns of the electrically active
patterns M11 to M15 may be placed to maintain a distance
of at least *“d1”, thus satisiying a least margin condition.

In operation S320, a first metal 1ill may be performed. The
first metal fill may be accomplished by appropnately placing
a first dummy pattern having the width “w2” within an
available first metal fill area.

In operation S331, whether an areca where the metal
density condition 1s not satisfied 1s detected. As described
above, a specific layer may be divided into a plurality of
areas, and whether to satisty the metal density condition may
be determined with respect to each of the plurality of areas.
If an area where the metal density condition 1s not satisfied
1s absent (No), operation S340 1s executed. In contrast, if an
arca where the metal density condition 1s not satisfied 1s
present ( Yes), operation S333 1s executed.

In operation S333, a second metal fill 1s executed with
respect to the area where the metal density condition 1s not
satisfied. The second metal fill may be accomplished by
alternatively placing the second dummy patterns M31 to
M35 between electrically active patterns, between an elec-
trically active pattern and a first dummy pattern, and/or

between first dummy patterns. The least margin condition
may be satisfied upon placing the second dummy patterns
M31 to M35.

In operation S335, whether the metal density condition 1s
satisfied 1s determined. If 1t 1s determined that the metal
density 1s within a range that a semiconductor manufacturer
wants (Yes), operation S340 1s executed. If not (No), opera-
tion S337 1s executed.

In operation S337, an electrically active pattern may be
extended. For example, like the extended electrically active
pattern M16 1illustrated 1n FIG. 11, the electrically active
pattern may be extended within a range where a least margin
condition associated with surrounding patterns 1s satisfied.

In operation S331 to operation S337 described above,
since a metal fill suitable for a mimaturized semiconductor
manufacturing process 1s adaptively performed (i.e., a spe-
cial rule), an 1ssue due to an existing metal fill upon
designing a layout of a semiconductor device may be
improved or solved.

In operation S340, a timing may be checked. In the case
where an electrical signal having an undesirable timing due
to 1s detected (No), operation S310 1s again executed. That
1s, to adjusting a timing of an electrical signal passing
through an electrically active pattern may be diflicult or
impossible only by again placing a dummy pattern. There-
fore, electrically active patterns are again designed by the
layout design tool.

In operation S350, the layout designed through operation
S310 to operation S340 may be verified. The verification
operation may 1nclude veritying whether a layout 1s properly
set to correspond to a design rule, verilying whether a layout
1s properly connected to each other without electrical dis-
connection, determining whether a layout 1s matched with a
gate-level netlist, etc.
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Meanwhile, unlike illustration of FIG. 11, in the case
where the metal density condition 1s not satisfied even after
the second metal fill, any other method using the layout
design tool may be considered instead of extending an
clectrically active pattern. An example of the method 1s
illustrated 1n FIG. 13. FIG. 13 1s a view 1illustrating a layout
design additionally executed after a second metal fill, to
satisty the metal density condition.

Referring to FIG. 13, extended dummy patterns M36 and
M37 that are additionally placed are illustrated. To satisty
the metal density condition, the extended dummy patterns
M36 and M37 may be placed at opposite ends of a dummy
pattern or may be placed between adjacent dummy patterns.
An example embodiment 1s illustrated 1n FIG. 13 as the
extended dummy pattern M36 connecting the first dummy
patterns M22 and M23 adjacent to each other 1s placed and
the extended dummy pattern M37 connecting the first
dummy patterns M23 and M24 adjacent to each other is
placed.

Alternatively or additionally, in other embodiments, an
extended dummy pattern may be placed between a first
dummy pattern and a second dummy pattern and/or may be
placed between second dummy patterns. Even 1n this case,
a least margin condition may be satisfied with regard to the
extended dummy pattern.

In addition, 1n the embodiment illustrated 1n FIG. 13, only
the extended dummy patterns M36 and M37 are 1llustrated,
but the extended dummy patterns M36 and M37 may be
placed together with the extended electrically active pattern
M16 1llustrated 1n FIG. 11. In addition, a pattern may be
place, the pattern being appropriately selected by the layout
design tool from among the extended dummy patterns M36
and M37 and the extended electrically active pattern M16
may be placed.

FIG. 14 1s a flowchart 1llustrating a method of designing
a layout, according to an example embodiment of inventive
concepts. The embodiment of FIG. 8 1s mostly similar to the
embodiment of FIG. 12. Below, a difference will be mainly
described. For better understanding, a description will be
given with reference to FIG. 12 together.

Even though electrically active patterns, first dummy
patterns, and second dummy patterns are placed according
to an example embodiment of inventive concepts, the case
that the metal density condition 1s not satisfied may still
occur. In this case (No of operation S435), operation S437
1s executed. In operation S437, the layout design tool may
detect whether an extendable area among dummy patterns
exists. The layout design tool may place an extended dummy
pattern in the extendable area. As such, at least two or more
first dummy patterns may be connected to each other by the
extended dummy patterns M22 and M23.

Meanwhile, a description 1s given 1n the above embodi-
ments as the second metal fill 1s executed when a metal {ill
condition 1s not satisfied even after the first metal fill. In this
case, a description 1s given as all the first dummy patterns
placed upon performing the first metal fill have the given
width (1.e., “w2”"), but the exception for the rule may exist.
This will be described with reference to FIG. 15.

FIG. 15 1s a view 1llustrating how a layout of a semicon-
ductor device 1s designed by using a layout design tool
according to an example embodiment of inventive concepts.
For example, the embodiment of FIG. 15 may be imple-
mented after a first metal fill area available by the layout
design tool 1s determined 1in FIG. 8. In other words, the
embodiment of FIG. 15 may be implemented 1nstead of the

first metal fill 1llustrated in FI1G. 9.
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Reterring to FIG. 135, after the available first metal fill area
1s determined, the layout design tool may form the first
dummy patterns M21, M22, and M25. However, unlike the
embodiment of FIG. 9, the layout design tool may form the
first dummy pattern M25 corresponding to a combination of
the first dummy patterns (1.e., M23 and M24 of FI1G. 9). The
first dummy pattern M25 may violate a rule of performing
a general first metal fill. That 1s, all the first dummy patterns
may not have the given width “w2”. For example, like area
“A” 1llustrated 1n FIG. 15, an area having a width smaller
than “w2” may exist.

However, the first dummy pattern M25, 1n which the first
and second dummy patterns M23 and M24 of FIG. 9 are
connected, may be an example. In other embodiments, the
first dummy patterns M21 and M22 may be connected to
cach other, or the first dummy patterns M22 and M23 may
be connected to each other. Afterwards, the second metal fill
according to an example embodiment of inventive concepts
may be performed.

Meanwhile, a description 1s given in FIGS. 6 to 15 as the
first metal fill 1s performed by using first dummy patterns
having the largest size being insertable and then the second
metal fill 1s performed. However, as will be described below,
a metal fill may be performed 1n a manner different {from the
above manner.

FIG. 16 1s a flowchart 1llustrating a method of designing,
a layout, according to an example embodiment of inventive
concepts.

In operation S510, an electrically active pattern may be
designed. In operation S520, a metal {11l may be performed.
The metal fill performed 1n operation S520 may be similar
to the first metal fill described with reference to FIG. 6. For
example, a dummy pattern placed in the layout may be the
first dummy pattern 1llustrated 1n FIG. 2A.

In operation S530, whether the metal density condition 1s
satisfied 1s determined. For example, operation S530 may be
performed on each of a plurality of areas determined by
dividing a specific layer. If 1t 1s determined that an area
where the metal density condition 1s not satisfied does not
exist (Yes), timing check (S540) and verification (S550) are
performed on the designed layout.

In contrast, 1f 1t 1s determined that an area where the metal
density condition 1s not satisfied exists (No), a metal f1ll may
be additionally performed on the area where the metal
density condition 1s not satisfied. To this end, the size of a
dummy pattern to be placed additionally may be reduced by
one si1ze (S560). Here, one size may mean a grid unit, e.g.,
the mimimum umt of a resolution, upon designing a layout
by using the layout design tool.

As the size of dummy patterns 1s reduced (1.e., as opera-
tion S520, operation S530, and operation S540 are repeat-
edly executed), a space where a dummy pattern of the
reduced si1ze may be placed may increase. The reason 1s that
the least margin areca becomes smaller as the size of a
dummy pattern 1s reduced.

As such, compared with the embodiment of FIG. 13
where the first dummy patterns M21, M22, M23, and M24
and the second dummy patterns M31, M32, M33, M34, and
M35 have only three different widths, 1in the case of the
embodiment of FIG. 16, dummy patterns having various
widths more and more may be placed 1n a layout. Therefore,
a metal fill that may be additionally accompanied when a
metal density 1s not satisfied may be performed more
flexibly.

FIG. 17 1s a block diagram 1illustrating a layout design
system for designing a semiconductor device, according to
an example embodiment of mnventive concepts. Referring to
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FIG. 17, a layout design system 10 may include at least one
processor 11, a working memory 12, storage 13, and an
input/output device 14. Here, the layout design system 10
may be provided as a dedicated device for designing a layout
of a semiconductor device according to an example embodi- >
ment of mventive concepts. The layout design system 10
may be configured to drive various design and verification
simulation programs.

The processor 11 may execute software (e.g., an applica-
tion program, an operating system, and a device driver) to be
executed 1n the layout design system 10. The processor 11
may execute an operating system OS loaded to the working,
memory 12. The processor 11 may execute various appli-
cation programs to be driven based on the operating system
OS. The processor 11 may execute the layout design tool
loaded to the working memory 12 from the storage 13.

The operating system OS or the application programs may
be loaded to the working memory 12. Upon booting the
layout design system 10, an OS 1image stored 1n the storage »g
13 may be loaded to the working memory 12 depending on
a booting sequence. Overall input/output operations of the
layout design system 10 may be supported by the operating
system OS. Likewise, application programs that are selected
by a user or are used to provide a basic service may be 25
loaded to the working memory 12. In particular, the layout
design tool for designing a layout, according to an example
embodiment of inventive concepts, may be loaded from the
storage 13 to the working memory 12.

The layout design tool may include a biasing function for 30
changing forms and locations of specific layout patterns so
as to be different from those defined by a design rule. The
layout design tool may perform design rule check (DRC)
under the changed biasing data condition. The working
memory 12 may include a volatile memory such as a static 35
random access memory (SRAM) or a dynamic random

access memory (DRAM). However, inventive concepts 1s
not limited thereto.

A simulation tool that performs optical proximity correc-
tion (OPC) on data associated with the designed layout may 40
be further loaded to the working memory 12.

The storage 13 1s provided as a storage medium of the
layout design system 10. The storage 13 may store the
application programs, the OS 1mage, and various kinds of
data. In particular, the storage 13 may store the layout design 45
tool according to an example embodiment of inventive
concepts.

The layout design tool that performs the second metal fill
ol inventive concepts may be a computer program product
including a computer-readable program code or may be a 50
computer program product including a non-transitory coms-
puter-readable medium.

Additionally or alternatively, the layout design tool that
performs the second metal {ill of inventive concepts may be
a product that 1s downloadable on the Internet. 55

For example, the storage 13 may be implemented with a
solid state drive (SSD), an embedded multimedia card
(eMMC), or a hard disk drnive (HDD). The storage 13 may
include, but 1s not limited to, a NAND flash memory. For

example, the storage 13 may include a nonvolatile memory 60
such as a phase change RAM (PRAM), a magnetic RAM

(MRAM), a resistive RAM (ReRAM), or a ferroelectric
RAM (FRAM).

The mput/output device 14 may include various devices,
which may be provided with information from a designer or 65
may provide information to the designer, such as a keyboard,

a mouse, and a monitor. For example, a processing proce-
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dure and a processed result of the layout design tool and the
simulation tool may be displayed through the 1mnput/output
device 14.

In particular, an adaptive metal fill layout formed accord-
ing to embodiments of inventive concepts may be provided
through the mmput/output device 14. The adaptive metal fill
layout may be formed based on the first metal fill and the
second metal fill. Additionally, the adaptive metal {ill layout
may be formed based further on follow-up measures illus-
trated 1n FIGS. 11, 13, and 15. A mask may be generated by
mask generation equipment based on the adaptive metal fill
layer, and an actual layout of a semiconductor device may be
patterned based on the mask.

FIG. 18 1s a block diagram illustrating an electronic
device manufactured by a layout formed according to an
example embodiment of inventive concepts. For example,
an electronic device 1000 may be implemented with a
smartphone, a tablet computer, a desktop computer, a laptop
computer, or a wearable device.

The electronic device 1000 may include an 1mage pro-
cessing device 1100, a main processor 1200, a working
memory 1300, storage 1400, a display 1500, a communica-
tion block 1600, and a user interface 1700.

The 1image processing device 1100 may include an 1image
sensor 1110 for photographing an image and an 1mage
processor 1120 for processing the photographed image.

The main processor 1200 may control overall operations
of the electronic device 1000. The main processor 1200 may
drive an operating system OS that 1s based on a file system.
The main processor 1200 may be implemented solely or
may be implemented with a system on chip including the
communication block 1600. For example, the main proces-
sor 1200 may include an application processor.

The working memory 1300 may temporarily store data
that are used for an operation of the computing device 1000.
For example, a flash translation layer FTL that defines a
mapping relationship between logical addresses and physi-
cal addresses of data stored in the storage 1400 may be
loaded to the working memory 1300. For example, the
working memory 1300 may include a volatile memory, such
as a dynamic random access memory (DRAM) a synchro-
nous DRAM (SDRAM), or the like, and/or a nonvolatile
memory, such as a phase-change RAM (PRAM), a magneto-
resistive RAM (MRAM), a resistive RAM (ReRAM), a
terroelectric RAM (FRAM), and/or the like.

The storage device 1400 may store data. For example, the
storage 1400 may include a nonvolatile memory such as a
flash memory, a PRAM, an MRAM, a ReRAM, or an
FRAM.

The display 1500 may include a display panel and a
display serial interface (DSI) peripheral circuit. For
example, the display panel may be implemented with vari-
ous devices such as a liquid crystal display (LCD) dewce a
light emitting diode (LED) display device, an organic LED
(OLED) display device, an active matrix OLED (A\/[O-
LED) dlsplay device, and the like. A DSI host embedded in
the main processor 1200 may perform serial communication
with the display panel through a DSI. The DSI peripheral
circuit may include a timing controller, a source driver, and
the like, which are needed to drive the display panel.

The communication block 1600 may exchange signals
with an external device/system through an antenna. A trans-
ceiver 1610 and a modulator/demodulator (MODEM) 1620
of the communication block 1600 may process signals
exchanged with the external device/system, depending on a
wireless communication protocol such as long term evolu-
tion (LTE), worldwide interoperability for microwave
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access (WiMax), global system for mobile communication
(GSM), code division multiple access (CDMA), Bluetooth,
near field communication (NFC), wireless fidelity (Wi-Fi),
or radio frequency identification (RFID).

The user interface 1700 may include at least one of input
interfaces such as a keyboard, a mouse, a keypad, a button,
a touch panel, a touch screen, a touch pad, a touch ball, a
gyroscope sensor, a vibration sensor, and an acceleration
SEeNnsor.

Components of the electronic device 1000 may exchange
data based on one or more of various interface protocols
such as a universal serial bus (USB), a small computer

system 1nterface (SCSI), peripheral component interconnect
express (PCle), mobile PCle (M-PCle), advanced technol-

ogy attachment (ATA), parallel ATA (PATA), senial ATA
(SATA), a serial attached SCSI (SAS), integrated drive
clectronics (IDE), enhanced IDE (FIDE), nonvolatile
memory exXpress (NVMe), and universal flash storage
(UES).

A circuit that 1s implemented using a mask generated
based on a layout, which 1s formed according to an example
embodiment of inventive concepts, may be packaged in
various techniques. For example, a circuit implemented
based on the layout of mnventive concepts may be mounted
using a package: package on package (PoP), ball grid arrays
(BGAs), chip scale packages (CSPs), plastic leaded chip
carrier (PLCC), plastic dual in-line package (PDIP), die 1n
wallle pack, die in wafer form, chip on board (COB),

ceramic dual 1n-line package (CERDIP), plastic metric quad
flat pack (MQFP), small outline (SOIC), shrink small outline

package (SSOP), thin small outline (TSOP), thin quad
flatpack (TQFP), system 1n package (SIP), multi-chip pack-
age (MCP), waler-level fabricated package (WEFP), or
waler-level processed stack package (WSP).

According to embodiments of inventive concepts, it may
be possible to prevent a layout from being again designed
unnecessarily as the event that a metal density condition 1s
not satisfied frequently occurs as microfabrication technolo-
gies develop.

In addition, according to the embodiments of inventive
concepts, a computer program performing an adaptive metal
f1ll and a semiconductor device manufactured by the com-
puter program may be provided.

While 1inventive concepts has been described with refer-
ence to example embodiments thereof, 1t will be apparent to
those of ordinary skill in the art that various changes and
modifications may be made thereto without departing from
the spirit and scope of inventive concepts as set forth 1n the
tollowing claims.

What 1s claimed 1s:

1. A method comprising:

placing, on a layer, an electrically active pattern having a

first width and a first least margin area by using a layout
design tool;

placing, on the layer, a first dummy pattern having a

second width wider than the first width and having a
second least margin area by using the layout design
tool;

determining that a first ratio of an area of the layer to a

sum of areas of the electrically active pattern and the
first dummy pattern 1s outside a reference range by
using the layout design tool;

placing, on the layer, a second dummy pattern having a

third width and a third least margin area, 1n response to
the first ratio of the area of the layer to the sum of areas
of the electrically active pattern and the first dummy
pattern being outside the reference range;
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determiming that a second ratio of the area of the layer to
a sum ol areas of the electrically active pattern, the first
dummy pattern, and the second dummy pattern is
within the reference range by using the layout design
tool; and

extending the electrically active pattern, 1n response to the

second ratio of the area of the layer to the sum of areas
of the electrically active pattern, the first dummy pat-
tern, and the second dummy pattern being within the
reference range,

wherein the third width 1s the same as or wider than the

first width and 1s narrower than the second width.

2. The method of claim 1, wherein a width of the third
least margin area 1s the same as or wider than a width of the
first least margin area and 1s narrower than a width of the
second least margin area.

3. The method of claim 1, wherein the second dummy
pattern 1s placed such that the third least margin area does
not intersect at least one of the electrically active pattern and
the first dummy pattern.

4. The method of claim 1, further comprising:

checking a timing of an electrical signal passing through

the electrically active pattern; and

veritying a layout of the layer.

5. The method of claim 4, extending the electrically active
pattern comprising:

detecting whether an extendable area, on which the elec-

trically active pattern 1s to be extended, exists on the
layout.

6. The method of claim 4, further comprising;:

generating a mask based on a layout including the elec-

trically active pattern, the first dummy pattern, and the
second dummy pattern; and

manufacturing a semiconductor device by using the mask.

7. The method of claim 4, wherein veritying the layout of
the layer including at least one of design rule check (DRC),
clectrical rule check (ERC), and layout vs schematic (LVS).

8. A method comprising;

placing, on a layer, an electrically active pattern having a

first width and a first least margin area by using a layout
design tool;

placing, on the layer, a first dummy pattern having a

second width wider than the first width and having a
second least margin area by using the layout design
tool;

determining that a first ratio of an area of the layer to a

sum of areas of the electrically active pattern and the
first dummy pattern 1s outside a reference range by
using the layout design tool;

placing, on the layer, a second dummy pattern having a

third width and a third least margin area, 1n response to
the first ratio of the area of the layer to the sum of areas
of the electrically active pattern and the first dummy
pattern being outside the reference range;

determiming that a second ratio of the area of the layer to

a sum ol areas of the electrically active pattern, the first
dummy pattern, and the second dummy pattern 1s
within the reference range by using the layout design
tool; and

extending at least one of the first dummy pattern and the

second dummy pattern, 1n response to the second ratio
of the area of the layer to the sum of areas of the
clectrically active pattern, the first dummy pattern, and
the second dummy pattern being within the reference
range,

wherein the third width 1s the same as or wider than the

first width and 1s narrower than the second width.
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9. The method of claim 8, wherein a width of the third
least margin area 1s the same as or wider than a width of the
first least margin area and 1s narrower than a width of the

second least margin area.

10. The method of claim 8, wherein the second dummy
pattern 1s placed such that the third least margin area does
not intersect at least one of the electrically active pattern and
the first dummy pattern.

11. The method of claim 8, extending the at least one of
the first dummy pattern and the second dummy pattern
comprising;

detecting whether an extendable area, on which the at

least one of the first dummy pattern and the second
dummy pattern 1s to be extended, exists on the layout.

12. The method of claim 8, further comprising:

checking a timing of an electrical signal passing through

the electrically active pattern; and

verilying a layout of the layer.

13. The method of claim 12, further comprising;

generating a mask based on a layout including the elec-

trically active pattern, the first dummy pattern, and the
second dummy pattern; and

manufacturing a semiconductor device by using the mask.

14. The method of claim 12, wherein verifying the layout
of the layer including at least one of design rule check
(DRC), electrical rule check (ERC), and layout vs schematic
(LVS).

15. A non-transitory computer-readable medium includ-
ing a program code that, when executed by a processor,
causes the processor to:

place, on a layer, an electrically active pattern having a

first width and a first least margin area;

place, on the layer, a first dummy pattern having a second

width wider than the first width and having a second
least margin area;

place, on the layer, a second dummy pattern having a third

width and a third least margin area, 1n response to a first
ratio of an area of the layer to a sum of areas of the
clectrically active pattern and the first dummy pattern
being outside a reference range; and

extend at least one of the electrically active pattern, the

first dummy pattern, and the second dummy pattern, 1n
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response to a second ratio of the area of the layer to a
sum of areas of the electrically active pattern, the first
dummy pattern, and the second dummy pattern being
within the reference range,

wherein the third width 1s the same as or wider than the

first width and 1s narrower than the second width.

16. The computer-readable medium of claim 15, wherein
a width of the third least margin area 1s wider than or the
same as a width of the first least margin area and 1s narrower
than a width of the second least margin area.

17. The computer-readable medium of claim 15, wherein
the program code, when executed, causes the processor to
place the second dummy pattern such that the third least
margin area does not intersect at least one of the electrically
active pattern and the first dummy pattern.

18. The computer-readable medium of claim 15, further
comprising;

checking a timing of an electrical signal passing through

the electrically active pattern; and

veritying a layout of the layer,

wherein the veritying includes at least one of design rule

check (DRC), electrical rule check (ERC), and layout
vs schematic (LVS).

19. The computer-readable medium of claim 15, wherein
the electrically active pattern 1s placed, on the layer, on a first
routing track among a plurality of routing tracks,

wherein the first dummy pattern 1s placed on second

routing tracks including two or more routing tracks
among the plurality of routing tracks, and

wherein the second dummy pattern 1s placed on any one

routing track among the plurality of routing tracks.

20. The computer-readable medium of claim 15, wherein
the first least margin area 1s an area within a first distance
from the electrically active pattern,

wherein the second least margin area 1s an area within a

second distance from the first dummy pattern, and
wherein the third least margin area 1s an area within a third
distance from the second dummy pattern,

wherein the third distance 1s smaller than the second

distance and 1s the same as or greater than the first
distance.
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